One hundred one litters containing 1 or more dead porcine fetuses were collected at an Iowa abattoir during a 2-month interval and examined for evidence of viral infection. Each of 1,137 fetuses (302 dead, 835 alive) of these litters was tested for porcine parvovirus (PPV) antigens by direct immunofluorescence microscopy (FA) of fetal lung. Antigens of PPV were detected in the lungs of most of the fetuses of 11 of the litters. The 11 FA-positive litters contained 105 dead (100 FA-positive) and 14 live (12 FA-positive) fetuses. Infectious PPV was isolated from 10 of the 11 FA-positive litters and from 3 of the 90 FA-negative litters. No cytopathogenic agents other than PPV were isolated from any of the litters. Eleven of 101 (11%) litters examined and 100 of 302 (33%) dead fetuses examined were FA positive for viral antigen, indicating that PPV remains as a major cause of porcine fetal death.
Abstract. One hundred one litters containing 1 or more dead porcine fetuses were collected at an Iowa abattoir during a 2-month interval and examined for evidence of viral infection. Each of 1,137 fetuses (302 dead, 835 alive) of these litters was tested for porcine parvovirus (PPV) antigens by direct immunofluorescence microscopy (FA) of fetal lung. Antigens of PPV were detected in the lungs of most of the fetuses of 11 of the litters. The 11 FA-positive litters contained 105 dead (100 FA-positive) and 14 live (12 FA-positive) fetuses. Infectious PPV was isolated from 10 of the 11 FA-positive litters and from 3 of the 90 FA-negative litters. No cytopathogenic agents other than PPV were isolated from any of the litters. Eleven of 101 (11%) litters examined and 100 of 302 (33%) dead fetuses examined were FA positive for viral antigen, indicating that PPV remains as a major cause of porcine fetal death.
Porcine parvovirus (PPV) as a major cause of maternal reproductive failure in swine in the United States was indicated by studies in which porcine fetuses were collected at abattoirs in the Midwest and subsequently tested for evidence of virus infection. 4, 6 In these studies, most of the fetuses that had died in utero before their dams were slaughtered were infected with PPV. No other causes of fetal death were identified. These findings and frequent reports of naturally occurring slaughtered, and each was measured to estimate its gestational age 2 at the time of death. A piece of lung about 1 cm 3 in size (or the entire thoracic region of very small fetuses) medium and triturated in 9 volumes of cell culture medium.
was collected from each fetus. The pieces were individually frozen in 2% methyl cellulose for subsequent sectioning with a cryostat-microtome and examination by immunofluorescence microscopy (FA) for PPV antigens. After sections were prepared, the remaining nonsectioned portion of each tissue was thawed and pooled with others of the same litter. The composite was washed 3 times in 10 volumes of cell culture PPV-induced reproductive failure led to the development of vaccines that are now widely used in the United States. fectious virus. During all of these procedures, precautions
The 10% tissue suspension was subsequently tested for in-
The purposes of the study reported here were to were taken to minimize the chance for cross-contamination determine if PPV remains a major cause of fetal por-among litters. tine death and to provide an indirect assessment of Cell cultures. Tertiary cultures of fetal porcine kidney cells the efficacy of vaccination. Litters comprised of 1 or were grown in modified Eagle's minimal essential medium more dead fetuses were collected and tested in a man-supplemented with lactalbumin hydrolysate (0.25%), fetal ner similar to that of a previous study completed in bovine serum (10%), and gentamicin sulfate (50 µg-/ml). Each 1977, 4 before the extensive use of vaccines. preparation of cells was tested for endogenous contamination with PPV before it was used in the study. 3 Table 3 . Relative amount of porcine parvovirus antigen detected with 1 or more dead fetuses by immunofluorescence microscopy in fetal lungs by immunofluorescence microscopy. (FA) for porcine parvovirus antigens. therefore isolation of infectious PPV. The other culture was examined by light microscopy for 2 additional days for virusinduced cytopathic changes, and on the third day, it was examined by FA for PPV antigen. Tissues suspensions from greater for those animals free of PPV antigens (Table   litters that were found to be infected with PPV were not 2). (Table 3) .
Materials and methods
daily for evidence of virus-induced cytopathic changes. After Porcine parvovirus was isolated from the composite 1 wk, 0.2 ml of the culture medium was added to a fresh of lungs from 10 of the 11 litters that were FA positive culture of fetal porcine cells that was then examined daily for viral antigens and from 3 of the 90 litters that were for 7 days. The procedure was repeated once more before FA negative for viral antigens. No other cytopathic tissues (litters) were recorded as negative for virus isolation. agents were identified for any of the 101 litters tested.
Results
Discussion One thousand one hundred thirty-seven fetuses of 101 litters comprised of 1 or more dead fetuses were tested for the presence of PPV antigens. These antigens were detected in lungs of most of the fetuses of 11 litters but not in lungs of any fetuses of the remaining 90 litters. The 11 FA-positive litters (collected on 7 different dates) contained 105 dead (100 FA-positive) and 14 live (12 FA-positive) fetuses. Seven of these litters contained only dead fetuses. In contrast, FAnegative litters generally contained fewer dead fetuses, and all but 1 of these litters contained live as well as dead fetuses (Table 1 ). The proportion of fetuses estimated to have died very early in gestation was much Results of this study indicate that PPV remains an important cause of fetal porcine death. About 35% ( 105 of 302) of the dead fetuses collected and tested for viral antigens were members of PPV-infected litters and probably died as a direct or indirect consequence of PPV infection. The extensive distribution of large amounts of viral antigens in lungs of most PPV-infected fetuses was consistent with previous observations of both experimentally and naturally infected fetuses. 1, 3, 5 These findings emphasize the ease with which a diagnosis of PPV-induced reproductive failure can be made if affected fetuses are available for testing.
Based on virus isolation, 3 additional litters may have been infected with PPV. However, failure to iden- leads us to question whether the litters were actually infected in utero. This apparent contradiction may be explained by assuming that infection occurred only shortly before the dams were slaughtered, but we cannot exclude the possibility that these litters were contaminated with a small amount of virus during either collection or processing of tissues for examination. Moreover, even if these fetuses had been infected transplacentally, failure to detect antigen makes it unlikely that PPV was the cause of fetal death. Because of these uncertainties and our belief that contamination is the most likely explanation, we have treated these 3 litters as noninfected in the following discussion.
There are several possible reasons for our failure to identify any infectious agents other than PPV from the 101 litters examined. The most likely reason is that no other agents were present and fetal death was due to noninfectious causes. The relatively few dead fetuses in most of the PPV-negative litters compared with PPV-infected litters ( Table 1 ) supports this interpretation. Moreover, many of the noninfected fetuses had died during early gestation ( Table 2 ) when noninfectious cau tant role ses in might be expected to play a more imporfetal death. However, other factors must also be considered. Namely, the isolation of infectious or their intrauterine spread to adjacent live littermates agents presumes their survival in necrotic fetal tissues and presence in fetal lung (live fetuses were present in all but 1 of the PPV-negative litters). In addition, the identification of these agents presumes that they are able to replicate and cause cytopathic changes in fetal ters were collected in this study; we estimated 2-4 times as many, although exact numbers were not available. In addition, the proportions of PPV-affected litters and fetuses were clearly different in the 2 studies: 11% and 35%, respectively, for this study vs. 74% and 88%, respectively, for the 1977 study. A more definitive assessment of the effect of vaccination is precluded by the absence of information about the vaccination status and parity of affected females.
